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(57) Abstract: A salt tolerant L-myo -inositol 1 phosphate synthase for 
Forteresia coarctata (PINOl), the nucleotide sequences and the deduced 
aminoacid sequence of which is given below (A). 
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For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 
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FIELD OF INVENTION 

This invention relates to a salt tolerant L-myo-inositol I- phosphate synthase 
and the process of obtaining the same. 

BACKGROUND OF THE INVENTION 

In agricultural biotechnology a long standing goal is to improve tolerance of 
CTOp plants to environmental stress such as salinity, drought and temperature 
mediated dehydration all of which constitute direct osmotic stress. Once of 
the mechanisms by which plants respond to such abiotic stress conditions is 
by synthesizing non-toxic biomolecules termed compatible solutes or 
osmoprotectants. These compounds fall into three categories; amino acids 
(eg proline), onium compounds (eg glycinebetaine, 
dimethylsulphoniopropionate) and polyols/sugars (eg inositol, 
ononitol/pinitol mannitol, trehalose). Over production of any such 
osmoprotectant by introgression of genes encoding critical steps in the 
synthesis of diese compounds through metabolic engineering has become the 
choice of biotechnologists for raising stress tolerant crop plants. Such 
^proaches have met limited success in both pro- and eukaryotic systems. 
More importantly, it is imperative that the critical step tor manipulation 
should itself encode a stress-tolerant enzyme protein. 

Although metabolic engineering involving overproduction of selected 
osmolytes has been a choice for imparting stress tolerance phenotype in 
plants and other organisms, none of the systems used any stress tolerant 
gene/enzyme for such work. Hence, functional expression of die target 
gene/enzyme in the transgenic system remained unpredictable. 
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OBJECTS OP THE INVENTION 

An object of this inventios is to produce a salt-tolerant L-myo-inositoI 1- 
phosphate synth^e gene. 

Another object of this invention is to provide aprocess for obtaining a salt 
tolerant gene for inositol production. 

Yet another object of this invention is to introgress the salt tolerant L-myo- 
inositol 1-phosphate synthase m model crop plants for its functional 
expression to confer ability to grow m presence of salt without decline ia 
photosynthetic functions. 
BRIEF DESCRIPTION OF THE INVENTION 

The present invention, provides a salt-tolerant L-myo-inositoI 1 phosphate 
synthase from Porteresia coarctata. 

Also provided in accordance with the present invention is a process of 
obtamittg a salt tolerant myo-mositol I phosphate synfliase gene comprising: 

(i) isolation of a fulMength cDNA for the L-myo-inositol 1- 
phosphate synthase gene from the leaf of Porteresia 
coarctata ( PINOl) by reverse transcription followed by 
polymerase chdn reaction; 

(ii) sequencing of the isolated L-myo-mositoI 1-phosphate 
synthase gene ; 

(iiO Cloning of the isolated full length cDNA of PINOl in 
suitable bacterial expression vectors to obtain the expression 
plasm id construct 
Introduction of the expression plasm id construct mto the 
bacterial host stram, E.coli BL21 (DE 3) by transformation and 
mductioo ofexpressioD of tiieFlHOl geo^proJuctby IPTG. 
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Isolation of the expressed PINOl gene product as inclusion bodies , 
solubilization and isolation of the active enzyme protein in a buffer 
containing 8M Urea,0.5 M NaCl» 20mM Tris-HCl ,pH 7.5,10 mM 
pmercaptoethanol (ME) and 2 mM phenyfanethylsnlphonylfluoride ( PMSF ) 
and its complete purification to homogeneity . 

DETAILED DESCRIPTION OF THE INVENTION 

Cloning and sequencing of L-myo-inositol 1-phosphate synthase gene from. 
Foi^resia coarctata (PINOl) and its comparison with that from Oryza 
sativa (jRmOl). 

A fuU length cDNA for the L-myo-inositol 1-phosphate synthase gene has 
been obtained from Porieresia coarctata (PINOl) as well as Oryza sativa 
(RINOl) leaf poly -A (RNA) by reverse transcription-polymerase chain 
reaction (RT-PCR) . Total RNA was isolated from mature leaves of Oryza 
Bad Porteresia following the method of Ostrem et al (Plant Physio 1.84* 1270- 
1275,1987). Poly-A RNA.was isolated from the total RNA by the polyAtract 
mRNA isolation kit (Fromega) following the manufacturer's instructions. 
20-30 ng of p6Iy-A RNA was used for first stand cDNA synthesis using 
Superscript II RNAse H-reverse transcriptase (Life Technologists; Gibco 
BRL) following the manufacturer's protocol cDNA thus synthesized was 
used as template for PCR amplification of the mositol synthase gene. For 
cloning of the full-length cDNA of inositol synthase for Oryza (RINOl) and 
Porteresia (PINOl). sense (5*-3*) and anti-sense (3'-5') oligonucleotide 
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primers were designed based on the published R3N01 sequences (GenBaok 
accession number AB 012107) and PGR amplification was done as follows: 
94-1 min[94-1.5min; 55, 1.5 min; 72, 2 min] x 32 cycles; 72, 10 mins. The 
amplified product was checked for the expected size (~1.5 kb), band eluted 
from the gel, purified through QIAquick PGR purification kit (Qiagen) and 
ligated overnight at 4°C to the pGEM T-Easy vector (Promega) foUowing 
manufacturer's instructions. The ligation mixture was used for 
transformation of higji efficiency JM109 competent cells (Promega) and 
transformants were selected based on blue/white selection on 
anq)iciIin/IPTG/X-gal plates grown ovemight Minipreps of the plasmids 
were isolated fi^om the transformants, the DNA digested with EcoRl and the 
digested DNA analyzed by agarose gel electrophoresis for the expected -1.5 
kb insert Having confirmed the insert size, plasmid DNA was isolated fiom 
the transformants and purified through the Qiaquick purification kit 
(Qiagen). The clones were designated as RINOl for the gene for inositol 
syn&ase fix)m Oryza sativa and PINOl for the same from Porteresia 
cacrctatit 

Thfr mideotidesequaice for eadtctone was deterauned throng aatomitted 
DNA sequencing. The sequencing strategy involved severe cycles of 
sequ^mgof the ckmes by designated f»im^ as follows: 

1. First round with primers for T7 promoter at the 5* end and SPe 
promoter at the 3 end. 

2. Second round with primers designed at the 5 end and the 3' end of the 
gene as used for RT-PGR amplification. 

3. Third round of sequencing with primers designed at about 250 base 
pairs downstream the start site and 250 nucleotides upstream of the 
stop site. 
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The sequencing data from each set were CQiiq>iled and compared to woik 
out the complete sequence of the L-myo^inositol l>phosphate synthase 
fix)m Porteresia coarctata (PINOl) and Oryza sativa (RIN01,GenBank 
accession number AB012107). The complete siequence of PINOl is 
provided hereunder : 

PINOl Sequence: 

atgttcatcgagagcttccgcgtggag&gcccgcacgtgcggtacggcgcggcggagatc 

MFIES FRVESP HVRYGAA.EI 
gagtcggagtaccggtacgacactacggagctggtgcacgagagccacgacgocgcctca 

ESEYRYDTTELVHESHDGAS 
cgctgggtcgtccgccccaagtccgtccagtaccacttcaggaccagcaccaccgtcccc 

RWVVRPKSVQYHFRTSTTVP 
aagctcggggtcatgctcgtggggtggggcggcaacaacggctcaacgctgacggctgaa 

K L G V M L V G. . VW- : G G N N GST 1. T A G 

gtcatcgccagcagggagggaalH?tcatgggcgaccaaggacaaggtgcagcaagccaac 

VlfiSKEG-I S- W-ArKrrKVCCAJSr 
tactatggctcactcacccaggcgtccaccatcagggtaggaagctacaacggggaggag 

YYGSIrTQ-AS-TlRVG &YN GEE 
atctacgcgcctttcaagagcctcctgcccatggtgaaccctgatgaccttgtgttcggg 

lYAPFKS LLP. M-VNPDDLVFG 
ggctgggacattagcaacatgaacctggctgatgctatgaccagggccaaggtgctggac 

GWDI SNMNLADAMT .RAKVLD 
attgatctgcagaagcagcttaggccttacatggagtcctggtgcctctccctggcatct 

IDLQKQLRPYMESWCLSLAS 
atgatcccgacttcatcgccgctaaccagggatccegcgegaacaatgtcatcaagggaa' 

MIPTSSPLTRDPARTMS S R 
ccaagaaggagcagatggggcagatcatcaaaggacatcagggagttcaaggaaaataac 

PRRSRWGRSSKDIREFKENN 
aaaatggacaaggcggtggtgttgtggactgcaaacactgaaaggtacaacaattgtctg 

KfiTDKAVVL WTRNTKRY^SCI. 
tgtttgggcttaatgaccaatggaaaaccttctgcgtctgtggacaggaaccacgcggaa 

CLGLMTKGKPSA&V&RK Q- A E 
atatcgccatcgacattgtattgccattgccttgcttcattggagggtgtccgttcaata 

ISPSTLYCHCLASLEGVRSI 
acgggagcccttaaaaaaaaatcttggcctggaattgacgatcttgccattaaaaaaaaa 

TGALKKK SWPGIDDLAIKKK 
cLgccLgaLccggggggaLLaaLCcaaaaaaggggcaaaccaaaaaaaaaaaccugcLCq 

LPDPGGL IQKRGKPKKKTGL 
gttgatttcctcatgggtgctg-gaataaagcccacctcaattgtcagttacaaccacttg 

VDFLMGAGIKPTSIVSYNHL 
gggaataatgatggcacgaacctttctgcgccgcaaacattccgatccaaggagatctcc 

GNNDGTNLSAPQTFRSKE IS 
aaaagcagcgtggtcgatgacatggtctcaagcaatgctatcctctacgagcctggcoag 

kssvvddmvssnailyV P GE 
catcctgatcatgttgtcgtgattaagtatgtgccgtacgtcggagacagcaagagggcc 

HPDHVVVIK YVPYVGDSK R A 
atggatgagtacacctcagagatcttcatggggggtaagaacaccatcgtgctgcacaac 
MDEYTSE I PMGGKNT IV L HN 

acctgcgaggactcgctccttgctgcaccaatcattcttgacctggtgctcctggccgag 
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TCEOSLLA AP111DI.VLLAB 
ctcagcactaggattcagctgaaaggogagggagaggagaaattccattccttccatcca 
-LSTRIQLKGEGEEKFHSFHB 

gtgaacgccctggcgaagcagagggctatgctcgagaacatcatgagggcotgcgttooa 

VWAL AKQJIAMLJEWIM R A C V S 

ctggcccotgagaacaacataatcctagaatacaag 
L A P E H H M I l' e' 7 K 



The sequence has also been submitted to the GenBank (Accession Number 
AF 412340) and will be held confidential until June 23 » 2003. 



Con^ailf 4111 of amlnoacfd Mqnenc* of FINOl wia ttaf ISf^lUNOl. 

RIKOls 1 MFIESFRVESPBVRSGMBlESDYaYDTmYHBSHD^ 

60 

«,«^, , ME^SFRVESBBVRYGAaEIES+Y+?DTTELVHESHDGASR»fVI»KSV+Y4^El»^^ 

rajOl: 61 KLGVMLVGWGe»HGSTlTAG\aANRECTSlAT!aHtVQffl«iyro 

J^®VMLVGSfGGlWGSlI.mGVIA+REGIS»ATin)KVQ0AKyroSLT5JAST^ 
MHOl: 61 KLGVMLVGWGGMNGSTLTAGVrtASREGISWATiaJKVQ^ 

RI8018 121 I5AWiraU.BMVlIPDDLVFGGWDISlJMllIJ^^ 

IlRMirSLtPMVTODDLVFGGiroiSlMllLADAMIMUCV^ 

BINOls 121 imEFKSLLSMVHPDDLVFGGTOISNMHLAIOMTWaVlMl^ 
3.80 

^«01s 174 MVPL--gGITOBDVIAAlI0GSRAMH VlKG'rKKhX »1B<g lA i >li<^ 

M+P P DP A SR ^ + 4. XDIREFKE +1C-HXK WLWIA 

PlBOl: 181 MIPTSSPLTRDP ARIMSSRE HaWRBSRSSKDIREEKEMMmiXKAVVlHia 

RIHOl: 232 MTERYSH-VCVGLNDlMEHLIASVDiOEAEISPSTLMACV-MEGIPFIllGSPQl^^ 

«^,«v, JnERY+H 4C+GL T ASVD+N-WVEISPSTL7 * 1 + p 

W«01« 232 inERYinO.CLGlM-THGKPSASVDRKQKKSPSTI,TCHCIASLEGVRSITC^^ 

RIKOls 290 SUDIAIKWHCM-GGDDFKSGQiroWSVLVDFLVGAGIKPTSIVSYIIHLGH^ 

G+ DLAIK GG K G+ K K+ LVDFL+GAGIKPTSIVSYKHLGWNDG MLSA 

PIMOl: 291 GIDDLAIKKKLPDPGGLI0KR^iaan«LVDFIMaftaiKPTSIV8SliHL0II^ 
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MHOl, 349 B«?^SKEISKS1IWDDMVSS1IAILTEI^DHVVVIKYVPWGDSI^ 

*T»A, , tSEHPDHVWIKWBWGDSKRAMDETrSEIFM 
PINOls 351 P<a51*SKEISKSSVVDDMVSSHMlYEPSBHPnBWVIK^ 

RlJOl: 409 GQKSTIVIflBTCBDSLLAMIILDLVLIABLSiraCL^ 

RIHOls 469 APLVPPGTEVV!OUAKCP?iffl£KIMRACVGIJ^inM 510 

APLVPPGTPVVNAIJWQiRftMIBMIMRACVGLAPEllMMILEYK 
ETMOl: 471 MLVPPGTPV>naiJVKQRftMMaiIMRACVGtAPEll^ 512 



On analysis it was revealed that the nucleotide sequences of Ae PINbl 
gene is considerably non-identical resulting in gene-products in which the 
RINOl and PINOl differ in the amino acid sequences for a stretch of about 
110 m the mid-portion (between amino acids 173 to amino acids 320 of 
PINOl), the other parts of the genes bearing complete identity. The non- 
identical portion comprise of deletions/additions as well as conservative 
substitutions with two additional ammo acids m case of PINOl resulting m a 
protem having 512 ammo acids m stead of reported 510 amino acids of 
RINOl. 

EXPRESS WN OF RINOl AND PINOl IN BACTERIAL EXPRESSION 

The cDNA for RINOl and PINOl were subcloned into suitable clonmg sites 
of the bacterial expression vector pET 20B (+). The resultmg plasmids were 
mtroduced into the host strain E. coli BL-21 (DE3). The bacteria were 
grown m LB medium up to A<oo of 0.5-absorbance unit and induced by 015 
mM IPTG for « hours at 30'C. The bacteria were collected by centrifugation 
and lysed by sonicatioa in a buffer contaming 20mM Tris-HCI. pH 7.5. 10 



7 



wo 2004/053132 _ _ PCT/IN2003/000065 



mM each of NH4CI and ME, 2mM PMSF, The lysed extracts were 
centrifuged and protein from both soiable and membrane fractions were 
analyzed by 10% SDS-PAGE according to Laemmli (Nature, 22L 680-6S5, 
1970) followed by western blot for immunodetection. The separated proteins 
were blotted onto PVDF membrane and the blot was probed with rabbit anti 
L-myo-iflositol l-phosphate synthase antibody (1:500) raised against 
purified recombinant L-myo-mositoI l-phosphate synthase of Entamoeba 
(Lohia etal, MoLBiochem.Parasitol., 98, 67-79,1999) or purified cytosolic 
L-myo-inositbl l-phosphate synthase from Ofyza leaves. Bound, antibody 
was detected by the chemibminiscence (kit from Amersham Life Scien^ces). 
Results of such experiments indicated that both RINOl and PINOl were 
expressed predominantly in the membrane fractions (Fig 2, A & lanes 1 
&3). 

SOLUBILIZATION OF EXPRESSED RINOl AND PINOl PROTEINS: 

The expressed^ RINOl and PINOl proteins were solubilized from the pellet 
fractions in sohibilization buffer <8M urea. 0.5 M NaCl, 20 mM Tris-HCl pH 
7.5, lOmM ME, 2mM PMSF) kept for 30 minutes at room temperature. 
Sohibilized samples were centrifuged at 15000 rpm for 30 minutes. 
Supernatant was taken and dialyzed serially in the same buffer with 
stepwise dihition of urea conceniratiott from 8M to 2M. The sohibUized 
samples were checked m SDS-PAGE and western blot for the 
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RINOl and PINOl pioteins (Fig. 3, A & B, lanes:' 2 & 4), After 
solubilization, SDA- PAGE analysis revealed that the @q)ressed protein 
was in soluble fixation (Fig. 3A) and was again confkmed by western 
blot analysis (Fig 3 B). 

PURIFICATION OF THE SOLUBLIZED RINOl AND PINOl 
PROTEINS: 

The protein in the dialyzed sample was purilGed by DEAE Sephacel and 
Biogel A 0.5 by procedures earlier described from this laboratory 
(RayCaiaudhury et aL, Plant Physiol, 115, 727-736,1997). Solubilized 
dialyzed sample was taken and loaded onto DEAE Sephacel column (20 
ml bed volume). After two hours of absorption of the protein onto the 
column, the effluent was collected and then washed in buffer A 
containing 2QmM Tris-HCI, pH 7.5, lOmM each of NHjQ and ME, 
2mM PMSF, 20% ^ycerol upto nearly 3 bed volume for ehition of 
unbound protein and until the Am of flie fractions approached 0. Bound 
proteins were eluted in 60 ml linear gradient of 0.01 to 0.25M NH4CI in 
buffer A. Fractions of 1ml were collected at the rate of 0.4 ml/min. 
Fiacti(His with inositol synthase activity were pooled, concentrated and 
dialyzed for 6 hr at 4°C against 2 L change of buffer A. The dialyzed and 
concentrated, pooled DEAE fractions were loaded on a Biogel A 0.5 
column , preequilibriated with 3 bed volumes of buffer A. Proteins were 
eluted with buffer A in fractions of 0.5 ml at a flow rate of 0.1 ml/inin. 
Fractions containing inositol synthase activity were pooled, dialyzed 
against one 2 L change of 20 mM Tris-Cl (pH 7.5) lOmM ME. 

BIOCHEMICAL CHARACTERIZATION OF THE EXPRESSED 
RINOl AND PINOl PROTEINS 
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The purified bacterially expressed RDSTOl and PINOl proteins were 
characterized for their biochemical properties (Table-1). Estimates of Km 
and Vmax values for the substrate (Glucose 6 phosphate) and co fector 
GSAD) were obtained with Biogel 0,5A purified recombinant synthase (s) 
using Line-Weaver Buik analysis . There is a difference between the Km 
values for glucose 6 phosphate of recombinant synthase of Oryza 
(RINOl) and Porteresia (PINOl). The lower Km values for glucose 6 
phosphate for recombinant synthase of Porteresia (PINOl) suggest a 
higher substrate specificity compared to the Oryza recombinant synthase 
(^INOlX^orhbth the cases optimmn enzyme activity was at 37**C 
whereas optimum pH for Porteresia recombinant synthase (PINOl) was 
8.0 and the same for Oryza recombinant synthase (BUNOl) was 7.5. 

With respect to salt-sraisitivity, RDSTOl and PESTOl proteins differ a great 
deaL As in the case of the purified native enzymes (Fig.4,A), the 
expressed recombinant RINOl and PINOl proteins exhibit similar 
characteristics with respect to salt-sensitivity/tolerance properties (Fig 4, 
B). It is evident that both native and recombinant RINOl proteins are ' 
sensitive to NaCl in vitro, whereas those of PINOl are tolerant to salt 
under in vitro conditions tqrto a concentration of 500mM NaCl adducing 
evidence that the expressed gene products of bofli retain their salt- 
sensitivity vis-&-vis salt-4<rferanec prc^rties like &e native enzyme 
^teios. 

Table 1: Biochemical characterization of native and recombinant RINOl 
and PINOl proteins 
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CHARACTERS 


PINO 

Native Recombinant 


RINO 

Native* 
Recombinant 


JVul 

(1) G6P 

(2) NAD 


1.81 mM 
0.l53mM 


2.5mM 
0.166mM 


1.97 mM 
0.14 mM 


3mM 
0.188mM 


Vmax 

(1) Ci6P 

(2) NAD 


O-OSjimol"" 
0.12wmol-" 


0.095nmor 
0.087Mmor 


0.07nmol-* 
0.09Mmol"™ 


0.068nmol'" 


pH optimum 


7.5 


8.0 


8.2 


7.5 


Temperature 
Optimum 


35°C 


3rc 


35*C 


src 


Molecular weight 

Native 
Subunit 


-180 kDa 
- 60fcDa 


-180 kDa 
~ 60 kDa 


~ 180 kDa 
~ 60 kDa 


-180 kDa 
-60 kDa 



+ Data from RayChaudhuiy et ah (1997) 



The invention is described in greater detail hereinafter, with reference to the 
accompanying drawings and examples, which are provided as mwe. 
illustrations of the invention and should not be construed to limit the scope 
thereof in any manner. 

Fig.C: (A) SDS-PAGE analysis of proteins of bacterially expressed RlNOl 
and PINOl; lanes 1&2-RIN01, induced and uninduced; lanes 3 & 4-PINOl 
induced and uninduced; lanes 5 & 6- control-induced and uniduced. 
(B) Corresponding western blot of (A). 

Fig.a : (A) SDS-PAGE of proteins in pellet and supernatant fraction in the 
induced system after urea solubilization; lanes 1 and 2, pellet and 
supernatant of induced RINOl; lanes 3 & 4- pellet and supernatant of 
induced PINOl. (B) corresponding western blot of (A). 
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Fig.5j Inositol synthase activity in presence of increasing NaCl 
concentration for purified native (A) and recombinant (B) enzymes. 
Fig./*;' Tryptophan fluorescence of purified RINOl (A) and PINOl (B) 
proteins in increasing NaCl concentrations; tracing 1,2,3 & 4 correspond to 
0, lOOmM, 200mM and 400mM NaCl in the system. 

Fig.0 Gel filtration pattern on Superose-l2 of RINOI and PINOl proteins 

in absence and presence of 400mM NaCI. (A) RINOl wifliout NaCl; (B) 

RINOl with NaCl; (C) PINOl without NaCl; (D) PINOl with NaCl. Insets 

depict SDS-PAGE and immuno dot blots of indicated fi^ons. 

Fig. $2 Circular Dichroism spectra of RINOl and PINOl proteins. 

Fig-fe Phenotype of nontransformed and PINOl-trans^rmed tobacco 

plantlets grown with various concentration of NaCl in the growth media. 

EXAMPLE: 

STRUCTURAL STUDIES OF RINOl AND PINOl: FLUORESCENCE 
CIRCULAR DICHROISM AND GEL-FILTRATION STUDIES 

In order to understand the structural basis of the difr»ential behaviour of 
RINOl and PINOl towards salinity stress, we performed some fluorescence. 
Circular Dichroism (CD) and gel filtration experiments. 

Tryptophan Fluorescence spectra of the recombinant preparations of the 
inositol synthase(s) from Oryza sativa (RINOl) and Porteresia coarctata 
(PINOl) are shown in Panel A and B respectively in Figure^: hi absence of 
added salt, RINOl shows significantly higher fluorescence intensity than 
PINOl at the wavelength of maximum emissioiL The emission maxima in 
both the cases remain close to 336nm. Fluorescence intensity of RINOl is 
quenched significantly in presence of added salt whereas that of PINOl is 
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rather insensitive. It is also interesting to note feat at salt concentration of 
over 600 mM, the fluorescence intensities of both RINOl and PINOl 
become comparable. 

Progressive decrease of fluorescence intensity of RINOl with increasing salt 
concentration indicates sttuctural alterations. However, the emission 
maximum of RINOl remains invariant as a function of increasing salt 
concentration meaning that the tryptophan environment remains unchanged. 
Tryptophan residues usually remain buried within the globular structure. 
Therefore the salt-induced changes do not interrupt the tryptophan 
microenviromn«it. It probably moves other protein segments closer to 
tryptophan to facilitate energy transfer and hence reduce intensity. The 
structure of PINOl is stable to addition of salts. Since salts screen 
electrostatic interaction, feerc is considerable difference in the exposition of 
charged residues on the outer surface of RINOl and PINOl . 
The structure of RINOl and PINOl proteins in solution at the secondary 
level was probed by the Far-UV Circular Dichroism( CD ) spectroscopy. 
The CD spectra of RINOl and PINOl proteins are ahnosl identical in shape 
and show the characteristic bands (Figure 5). The spectra were subjected to 
three-parameter secondary structure analysis (helix, sheet and random) by a 
non-linear curve fitting analysis according to K2D programme available 
from the K2D server on fee Internet. The analysis reveals feat bofe RINOl 
and PINOl have very similar secondary structural elements having -25% a- 
helix, -25% p-sheet and 50% random plus ofeer structures. Clearly fee 
differences in fee two proteins arise because of fee different ways feese 
secondary structural elements pack togefeer. 

In order to get further insight into fee nature of fee structural changes in 
RINOl due to addition of salt, we performed gel-permeation 
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chromatography of RINOl and PINOl proteins bofli in presence and 
absence of added salt, the chromatograms are shown in Figure $i (A,B,C & 
D). It is seen that while RINOl protein elutes as a single peak in absence of 
salt, addition of 400 mM NaCl leads to substantial reduction in the original 
peak and concurrent appearance of a high molecular weight fraction, 
suggesting oligomerization of the RINOl protein by addition of NaCI. In 
contrast, PINOl protein elutes at the same place corresponding the native 
trimeric association, both in absence and presence of NaCl. The activity data 
show that the trimeric form of the protein is enzymatically active although 
the oligomeric form (of the size of a tetramer) is inactive. Since 
oligomerization would affect mainly the protein surface and not the globular 
interior, the salt-sensitivity of the RINOl protein may be explained by a 
suggested mechanism involving difference in ionic environments prevailing 
on the surface and a difiereace in hydrophobicity close to the surface when 
compared to the salt-tolerant PINOl protein. 

PHENOTYPE OF TOBACCO PLANTS TRANSFORMED WITH PINOl 
GENE DURING SALT-GROWTH 

To determine whether introgression of PINOl into plant system may help 
growing the plant in presence of salt, tobacco plants transformed with the 
PINOl gene through the ^gro^acteriMm-mediated procedure were raised. 
For this, the PINOl gene was- cloned into the phint expression vector, 
pCAMBIA 1301 and mobilized into the Agrobacienium strain LBA 4404 by 
following standard procedures. Tobacco leaf discs, precultured in 
regeneration media were immersed in the suspension of Agrobacterium 
culture containing the PINOl-pCAMBIA construct for 1 hr and transferred 
back to the regeneration medium supplemented with cefotaxim and 
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hygromycin. After shoot and root growth, the regenerated plantlets were 
transferred to culture vessels containing 0,100,200 and 400 mM NaCl for 
further growth. Control plantlets transformed with only pCAMBIA vectors 
were also grown in salts in similar way. A comparison of the plants (control 
and the PINOl-traiisformed) grown in presence of increasing amount of 
NaCI show that while the control plants exhibit loss «f chlorophyU in 
presence of 200mM NaCl, tlie PINOl transformed plants exhibit no such 
loss of chlorophyll at the indicated salt concentration, although at 400 mM 
salt both types of plants fail to grow (Figure 1 j. This might suggest that the 
PINOl transformed plants are able to maintain the photosynthetic machineiy 
in presence of NaCl at concentrations normaUy inhibitory to the growtii of 
untransformed plante. 

The above-mentioned experiments strongly suggest that the PINOl gene 
sequence(s) may become a useful tool for production of transgenic crop 
plants tolerant to salt stress. 

While the invention has been described in details and with reference to 
specific embodiments thereof , it will be apparent to one«killed in the art that 
various changes and modifications can be made therein without deviating or 
departing Irom the spirit and scope of the invention .Thus the disclosure 
contained herein includes within its ambit the obvious equivalents and 
substitutions as well. 

Having described the invention in detail with particular reference to the 
illustrative examples and comparative data given above, it will now be more 
specifically defined by means of claims qjpended hereafter. 
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WE CLAIM: 

1. A salt-toleraot L-myo-inositol 1 phosphate synthase from Porteresia 
coarctata ( PINOl) ,the nucleotide sequences and the deduced 
aminoacid sequence as given below (A) 

A. Nudeotide and deduced andnoarid fequence of PINOl : 

w r X X. o i R V E S J fi V R Y G A A E I 
?^^*«^^f!^*t'"^^*'°5acactacggagctggtgcacgagagccacgacggcgcctcg 

E S5JRTD TTELVH3SSHD6 AS 
cgotgggtcgtccgccccaagtccgtccagta^^ 

RWVVRJK SVQYHFRTS TT VP 



aagctcggggtcatgctcgtggggtggggcggcaacaacggctcaacgctgacggctggg 
KLeVMLVGWGCBllGSTLTAG 

gtcatcgccagcagggagggaatctcatgggcgaccaaggacaaggtgcagcaagccaac 
V I A SREGl S BATICD KVQ Q AW 

tactatggctcactcacccaggc^^^^^ 

atotaogcgoctttcaagagoctcotgoccatggtgaaccctgatgaccttigtgttcggg 

1 YAPriCSLLPMVNPDDL V F G 
ggctgggacattagcaacatgaacctggctgatgctatgaccagggccaaggtgctggac 

S B DI S WMHLAO AMTRAKV LO 
attgatctgcagaagoagcttaggccttacaiiggagtcctggtgoelictccctggcatct: 

I DLQKQLRP YMBS H CL SL AS 
atgatcccgacttoatcgccgotaaeKMgggatoccgogcgaacaatgtcatcaagggaa 

MIBTSSPLTROPARTMSS R E 

waagaaggagcagatggggcagatcatcaaaggacatcagggagttcaaggaaaataac 
PRRSRB6RS SKDI-REFKENM 

aaaatggacaaggcggtggtgttgtggactgcaaacactgaaaggtacaacaattgtctg 
KMDKAVVLWTAHTERYHKCL 

tgtttgggettaatgaccaatggaaaaecttctgcgtctgtggacaggaaooaggcggag 
C LG LMTNGKP SASVDRNQA E 

atatcgccatcgacattgtattgccattgccttgcttcattggagggtgtccgttcaata 
J. SSSTLYCHCLASLEGVRSI 

acgggagcccttaaaaaaaaatcttggcctggaattgacgatcttgccattaaaaaaaaa 
TG ALKKKSWPGIDDLAIKKK 



PBGLI OKRGX»KKKT G l" 

^^^^^'^^^^^^^^^^^gaataaagcccacctcaattgtcagttacaaccacttg 

VDFLMGAGIKBTSIVS TWHL 

gggaataatgatggcacgaacctttctgcgccgcaaacattccgatccaaggagatctcc 

GNMDGTNLSAPQTFRS K E I S 
aaaagcagcgtggtcgatgac^tggjctc^^^^^ 

catcctgatcatgttgtcgtgat^^^^^ 

atggatgagtacacctcagagatcttcatggggggtaagaacaocatcgtgctgcacaac 
MDEYTSEIFMGGKHTIVL HN 

aeci^cgaggaetc^otccttyctgcaccaatuattottaawtg^ 

TCED S LLAAPl i LDLVX.X.AS 
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ctcagcactaggattoagctgaaaggcgagggagaggagaaattccattecttccatcca 

L S TRI QL.KGEGEEKFHSrHP 
gtggctaccatcctgagctacctcaccaaggcgccccttgttcctcctggcacaccaotg 



G T » V 



gtgaacgcoctggcgaagoagagggctatgctcgagaacatcatgagggcctocgttggg 

VHALAKQRAMLEHI-M R A C V 1 
ctggcccctgagaacaacatgatcctggagtacaaa 
LAPEWNMILEYK 

2. DNA sequence coding as claimed in claim 1 wherein the nucleotide 
sequences of PINO 1 comprises of two additional amino acids resulting in a 
protein bearing 512 amino acids in comparison with RINOl, the L-myo- 
inositol 1-phosphate synthase from cultivated rice. 

3. A process of obtaining a salt-toleramt L-myo-inositoI 1-phosphate 
synthase gene comprising: 

(i) Isolation of a fiilJ-Iength cDNA for the L-myo-inositol 1- 
phosphate synthase gene from Ihe leaf of Porteresia coarctata by 
reverse transcription followed by polymerase chain reaction; 

(ii) sequencing of tiie isolated L-myo-inositoI 1-phosphate synthase 
gene. 

4. A process as claimed in daun 3, wherein the isolated full-length 
cDNA of PINO 1 is cloned into a suitable bacterial expression vector 
pET 20B(+) to produce expression plasm ids. 

5. A process as claimed m claun 4 ,wherein the said plasm ids were 
mtrodnced into the host stram E.coli BL.21 (DE 3) for obtaining an 
expressed PINO 1 gene product . 

6. A process as claun ed in clahn 5» wherein the expressed PINOl 
protems are solubilized in a sohibilization buffer containing 8M 
Urea,0.5 M NaCl. 20 mM Tris-HCI, pH 7.5,10 mM ME and 2 mM 
PMSF. 
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BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.1 |Aug-l-200I | 

KA^triJ BLOSUMB2 ^1 nr rr 

MatflS* -Jgap ope n:! gap exteisioo: I 

xJIropoffir^expeaJ wordsize: r ^pilter ^ I 



Sequence 1 Icljseq^l Length 510 (I „510) 

Sequence 2 lcl|seq^2 Length 512 (I ..512) 

2 



NOTE:The statistics (bitscore and expect value) is calculated based on die size of iir database 
Score = 786 bits (2029) ^ Expect « 0,0 

Identities « 419/522 (80%), Positives ? 448/522 (85ft), Gaps 22/522 (4ft) 



Query: 1 MFXESFRVESPHVRYGAAEIESDYQVDTTELVHESHDGASRWIVRPKSVRYNFRTTTTVP 

60 !* 

MFIESFRVE5PHVRY6AIVEI£S+Y-l:YDTTELVHESH06/VSRW-fVRPKSV4-Y4FRT4TTVP 
Sbjct: 1 MFIESFRVESPHVRYGAAEIESEYRYDTTELVIIESHDGASRWWRPKSVQYHFRTSTTVP 
60 

Query: 61 KLGVMLVGWGGNNGSTLTAGVIANREGISWATKDKVQQANYYGSLTQASTI RVGSYNGEE 
120 

KLGVMLVGWGGNNGSTLTAGVIA+REGISWATKDKVQQAt^YYGSLTQASTI RVGSYNGEE 
Sb^ct : 61 KLGVMLVGWGGNNGSTLTAGVIASREGISWATKDKVQQANYYGSLTQAST I RVGSYNGEE 
120 



Que^y« 121 lYAPFKSLLPMVNPDDLVFGGWDISNWLADAhfTRAKVLDIDLQKQLRPYMES 

lYAPFKSLLPMVNPDDCVFGGITDISNMNLADAMTRAKVLDIDLQKQLRPYMES 
Sbjct: 121 IYAPFKSLLPMVNPD0LVF6GWDXSNMNLA0AMTRAKVLDIDLQKQLRPYMESWCLSLAS 

Query: 174 MVPL — PGIYDPDVIAAMQGSRANNVIKGTKKEQMEQIIKDI REFKEKSKVnKVVVtWTA 
231 

M+P • P DP A SR -H- + + KDT.REFKE IK+DK WT.WTA 

Sbjct: 181 MIPTSSPLTRDP ARTMSSRB PRRSRWGRSSKDI REFKENNKMOKAVVl.WTA 

231 



Fig : 1 
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Query: 232 NTERYSN-VCVGLNDTMEHLLASVDKMEAEISPSTLYAIACV-MK';i PFltlSSPOMTFVP 

289 W r r 

NTERY4N ICfGL T ASVD4Nf AEISPSTLY » EG+ I 6+ ♦ P 

Sbjct: 232 NTERyNNCLCLGUl-TNGKPSASVDRNQAEXSPSTLYCHCLASLKGVBSITGALKKKSWP 

Query: 290 GLIDLAIKNNCLI-GGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYHHLGNNKGMNLSA 

<*K-J^^ oo, ^rJSi^lL^ ^ K 6+ K K+ LVDFL+GAG1KPTSIVSYHHI,GNNDG NLSA 
Sbjct : 291 6IDDLAIKKKLPDPGGLIQKRGKPKKKTGLVDFLMGAGIKPTSI VSYMHLGNNDGTMLSA 

350 

408^^" PQ'r™SKEISKSNWDDMVSSNAILYELGEHPDH\An^IKWPYVGDSKRAMUF/iT 

PQTFRSKEISKS+WDDMVSSNAILYE GEHPUHVWI KYVPYVGDSKRAMOEYTSEI Rl 



c-w^ *. ' -.^*/i-.vw»*:»«-r%xiixi:, ^i:*"*^*^" v v v 1 l\ I V f 1 V^.^U^nRAMDfcYTSEI TO 

Sbjct: 351 PQTFRSKEISKSSWDDMVSSNAILYEPGEHPDHNAA^IKYVPYVGDSKRAMOEYTSEIFM 
410 ^ 

Qu^ry: 409 GGKSTIVUINTCEDSLLAAPlIJLDLVLlJVELSTniQI.KAEGERKFHSFHPVAT! LSYLTK 
4 08 

GGK+TIVLHNTCEDSLLAAPIILDI1VLLAELSTRIQX.K EGEEKFHSFHrVATIL^YLTK 

Sbjct: 411 GGKNTIVLHNTCEDSLIAAPIILDLVLLAELSTRIQLKGEGEEKFHSFHPVATILSYLTK 
470 • 

Query: 469 APLVPPGTPWNALAKQRAMLENIMRACVGUVPENMMILEYK 510- 

APLVP PGTPWNALAKQRAMLENIMRACVGLAPENNMX LE YK 
Sbjct: 471 API^VPPGTPWNALAKQRAMLENIMRACVGLAPENNMILEYK 512 
CPU time: 0.10 jjser sees. 0.02 sys. sees 0.17 total 

sees. 

Gapped 

Lambda K 11 

0.316 0.134 0.385 

Gapped 

Lambda K H 

0.267 0.0410 0.140 

Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Hits to DB: 2125 

Number of Sequences: 0 

Number of extensions: 153 

Number of successful extensions: 5 

Number of sequences better than 10.0: 1 

Number of HSP»a better than 10.0 without gapping: 1 

Number of HSP's successfully gapped in prelim test: 0 

Number of HSP's that attempted gapping in prelim test: 0 

Number of HSP's gapped (non-prelim): 1 

length of query: 510 

length of database: 233,319,389 

effective HSP length: 125 

effective length of query: 385 

effective length of database: 176,133,389 

effective search space: 67811354765 

effective search space used: 67811354765 
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